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WIND-TUNNEL INVESTIGATION OF
THE STATIC AERODYNAMIC CHARACTERISTICS
OF A MULTILOBE GLIDING PARACHUTE

By George M. Ware and Charles E. Libbey
Langley Research Center

SUMMARY

An investigation has been conducted in the Langley full-scale tunnel to determine
the performance and static stability and control characteristics of a five-lobe gliding
parachute. The model was completely void of any rigid structural members and utilized
only the tension forces produced by aerodynamic loading to maintain the shape of the
canopy. The configuration consisted of a five-lobe canopy, roughly rectangular in inflated
planform with an airfoil-type leading edge. The tests were made over an angle-of-attack
range from the lowest angle attained before wing collapse, which was about 22.5° to 900,
which corresponded approximately to the vertical-descent condition.

The results indicate that maximum lift occurred at an angle of attack of about 25°.
The model was longitudinally stable and could be trimmed at angles of attack from the
minimum angle of the tests to 30°. In the angle-of-attack range from 300 to 75°, the
model had no stable trim conditions but was stable and could be trimmed at angles of
attack from 750 to 90°. The stable trim angle-of-attack ranges gave values of lift-drag
ratio of 2.2 to about 1.5 in the lower angle range and values near 0 in the higher angle
range. The model was directionally stable and had positive effective dihedral at the lower
angles of attack, but was directionally unstable and had negative effective dihedral over
much of the range of angles of attack above 30°. Similarly, the model had satisfactory
static lateral-control characteristics at angles of attack up to about 45°; however, because
of a reversal in the direction of the yawing moment with control deflection, the model had
unsatisfactory control characteristics at the higher angles of attack.

INTRODUCTION

There is, at the present time, an increasing interest in controllable gliding para-
chutes as a means of space-vehicle recovery and cargo delivery, and there are a number
of different types of gliding parachutes being developed to meet the demand for such a
system. In order to evaluate the performance, stability and control, and deployment



characteristics of this type of configuration, the Langley Research Center is presently
evaluating several parachute-like devices with gliding capability by means of wind-tunnel
and flight tests.

One configuration in the gliding-parachute category which has received considerable
attention consists of a multiple-lobe canopy, roughly rectangular in inflated planform with
span greater than chord and having an airfoil-type leading edge. The air loads are car-
ried into the suspension lines through catenaries which are shaped to maintain a low
chordwise camber in the canopy. The particular model used in the present investigation
was based on a five-lobe canopy design. This model was also one of the subjects of tests
reported in reference 1. The present investigation consisted of static wind-tunnel force
tests to determine the basic lift and drag characteristics and the longitudinal and lateral
stability and control characteristics of the model over an angle-of-attack range from the
lowest value attainable without wing collapse to that corresponding to the vertical-descent
condition and over a sideslip range from ~10° to 10°. The tests were conducted at a
dynamic pressure of about 1.0 pound per square foot (47.9 N/m?2).

SYMBOLS

The data are referred to the stability system of axes. The origin of the axes was
located to correspond to a center-of-gravity position at the confluence point of the sus-
pension lines. The coefficients are based on the laid-out-flat canopy area of 95.5 square
feet (8.87 square meters), the center-line chord length of 4.5 feet (1.37 meters), and the
wing span of 15 feet (4.57 meters). Measurements used in this investigation were taken
in the U.S. Customary System of Units. Equivalent values are indicated parenthetically
herein in the International System of Units (SI). Details of this system, together with
conversion factors, can be obtained in reference 2.

b span of inflated wing, feet (meters)
C drag coefficient D
D ag ’ qS
C 1ift coefficient L
L ’ qS
C rolling-moment coefficient, Rolling moment
G d
CZB =35 per degree

Pitching moment
gSc

Cm pitching-moment coefficient,



Yawing moment
aSb

Cn yawing-moment coefficient,

oC
=_1
CnB 55’ per degree

Cy lateral-force coefficient, Lateral force

qS
BCY
CYB = W, per degree
c center-line chord length, feet (meters)
D drag, pounds (newtons)
Fa axial force, pounds (newtons)
Fr resultant force, pounds (newtons)
L lift, pounds (newtons)
L/D lift-drag ratio
M moment about the upper balance, foot-pounds (meter-newtons)
q free-stream dynamic pressure, pounds per square foot (newtons per square
meter)
S wing area, square feet (square meters)
w payload weight, pounds (newtons)
We canopy and lines weight, pounds (newtons)
Xy distance between suspension-line confluence point and moment center of

upper strain-gage balance of support system, feet (meters)

X9 distance between suspension-line confluence point and center of gravity of
canopy and suspension lines, feet (meters)



a angle of attack (angle between relative wind and wing-chord plane perpendic-
ular to center post), degrees; center post defines a line from suspension-
line confluence point to midpoint of center-line chord of canopy

B angle of sideslip, degrees
% angle between horizon and relative wind, degrees
Al change in length of suspension line being used as a control, feet (meters);

negative value indicates decreasing line length

Subscripts:
L left
R right

APPARATUS AND TESTS

Model

A plan-view drawing of the model in a laid-out-flat condition and a front view of the
inflated configuration are presented in figure 1. A sketch and a photograph of the model
mounted for force testing in the Langley full-scale tunnel are presented in figures 2 and 3,
respectively. Some of the more important items of the test setup are labeled in figure 2.
The fabric used to form the canopy of the model was 1.6-ounce-per-square-yard
(0.0542-kg/m2) rip-stop nylon cloth with an acrylic coating which reduced the porosity to
less than 10 cubic feet per minute (0.0047 m3/sec) at a pressure of 10 inches (25.4 cm)
of water. The air loads were carried into the 12 suspension lines through catenary cur-
tains which also acted as ribs to aid in maintaining a predetermined chordwise camber in
the canopy. The model was equipped with two control lines, as shown in figure 1. These
lines were shortened together as a pitch control or individually as a lateral-directional
control.

Model Support

The model-support system used in this investigation was the same apparatus that
was used in the tests of reference 3, with modifications made to accommodate the present
model. The model was mounted on a long center post that was pivoted in the middle to
permit changes in angle of attack. The reference angle of attack of the wing was defined
as the angle between the relative wind and the wing-chord plane perpendicular to the
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center post. The suspension lines of the model were attached to a bar at the lower end of
the center post, which spread the lines laterally by about 18 inches (45.7 cm). The can-
opy was restrained by three short spikes (one on the center post and two on the cross
arm) which were inserted through small clearance holes in the fabric at three chord mid-
points. The spikes were instrumented with strain-gage balances to measure the axial
force and moment at the canopy. With this mounting system, the model was restrained
in roll, pitch, and yaw in such a way that fabric and line stretch were virtually unaffected.
The entire wing-support system was mounted on a turntable which was attached to the
full-scale-tunnel force-measuring scales. Changes in angle of sideslip were accom-
plished by rotating the turntable.

Test Procedure

The investigation was conducted in the Langley full-scale tunnel, a complete descrip-

tion of which is given in reference 4. The lift and drag characteristics of the model were
determined from measurements obtained from the tunnel scale-balance system. The
pitching-moment characteristics, however, were obtained from the strain gages attached
to the spikes at the model canopy. The strain-gage measurements were used to eliminate
the possible errors in pitching moment involved with small inaccuracies in force mea-
surements when forces were transferred over the long moment-arm distances in the tun-
nel measurement system. A sketch showing how the force and moment measured by the
strain-gage balances and the model-weight component were used to compute the pitching-
moment coefficient is presented in figure 4. The lateral tests were made by using the
tunnel force-measuring system inasmuch as the model was not instrumented with strain
gages to read lateral forces and moments.

Test Conditions

The data were obtained over the angle-of-attack range from about 22.5° to 90° and
at angles of sideslip from -10° to 10°. The tests were conducted at a dynamic pressure
of 1.0 pound per square foot (47.9 N/m2). The test Reynolds number based on the model
chord length of 4.5 feet (1.37 meters) was 0.86 X 106. The data are presented with no
wind-tunnel corrections applied.

Comparison of Wind-Tunnel and Flight Conditions

There are certain differences between the model under the wind-tunnel test condi-
tions and the model in free flight which might have some effect on the test results and
should be noted. It is necessary to restrain the model during the static wind-tunnel tests,
but the method of restraint used in the present investigation, as pointed out previously,
is felt to allow the model to assume the shape dictated by aerodynamic loading, with little

\



apparent distortion in the canopy. The shape of the all-flexible model, however, is also
affected by its canopy weight, and the weight vector is in a different direction under static
force-test conditions in a horizontal wind tunnel than in free-gliding flight. Sketches
showing the longitudinal forces for the free-flight and wind-tunnel conditions are pre-
sented in figures 5(a) and 5(b), respectively. In free-gliding flight, the weight vector of
the canopy passes approximately through the suspension-line confluence point, which in
this case has been assumed to be the center of gravity. In a horizontal wind tunnel, how-
ever, the canopy-weight vector passes far behind the confluence point of the lines and
contributes a nose-up pitching moment which is not present during free flight. An indi-
cation of the magnitude of this moment may be seen in figure 5(c). Although both the
longitudinal and lateral data presented in this paper have been corrected for the canopy-
weight tare, the effect of the direction of the weight vector of individual elements of the
canopy and suspension lines on the shape and therefore the aerodynamic characteristics
of the canopy has not been determined. This effect may be significant at low angles of
attack, where the leading edge of the wing is lightly loaded. At these low angles, the
small weight effects of the relatively light canopy suspension lines might cause the
leading edge of the wing to collapse at a slightly higher angle of attack in the wind tunnel
than in free flight.

RESULTS AND DISCUSSION

Longitudinal Characteristics

The lift, drag, and longitudinal stability characteristics of the model are presented
in figure 6. Data are presented for three individual tests made under the same condi-
tions, and the results indicate good repeatability over the entire test angle-of-attack
range. The minimum angle of attack reached during these tests was about 22.5°; below
this angle, the wing would not remain inflated. The maximum value of the lift coefficient
of about 0.97 occurred at an angle of attack slightly greater than the minimum angle —
about 250. The lift coefficient then decreased with increasing angle of attack. The maxi-
mum value of the lift-drag ratio was 2.25 and occurred at the lowest angle of attack
attainable of 22.59. The pitching-moment data show that the model was stable over the
test angle-of-attack range and had decreasing stability above 300.

The longitudinal control characteristics of the model are presented in figure 7.
With the control lines in the fully extended position, the model was trimmed at the mini-
mum test angle of attack. Shortening the control lines was effective in trimming the
model to higher angles of attack. Although the maximum control-line change of the inves-

Al
tigation, ZLandR -0.033, moved the trim point only to a= 260, the trend of the data

b
indicates that with greater control deflections, the model may have stable trim points up



to an angle of attack of about 30°. Above 30°, the model with control deflections became
longitudinally unstable. The trim characteristics indicate a possible lift-drag-ratio
modulation from 2.2 to about 1.5 in the stable low angle-of-attack range. With control
deflections, the model also had stable trim points with accompanying lift-drag ratios
near O in the angle-of-attack range from about 75° to 909, which corresponds to vertical
descent.

It should be pointed out, however, that during preliminary gliding tests of a similar
configuration, attempts to trim the model from the low to the high angle-of-attack range
resulted in asymmetric wing stall which caused the model to go into a tight spiraling
flight with an accompanying high rate of descent. In some cases of model stall, the wing
became visibly deformed with a pronounced sweepback.

Lateral Characteristics

Because of the restraint imposed by the model-support spikes which passed through
the canopy at three spanwise positions (see fig. 2), the model could be held at various
angles of sideslip. Whether or not the model could attain these angles in free flight and
what deformation might occur are unknown. The data are therefore only gross or quali-
tative indications of lateral stability. The model remained relatively steady on the cen-
ter post at an angle of sideslip of 00 over the entire angle-of-attack range, but the con-
figuration became unsteady as the angle of sideslip was increased. This motion might be
described as a torsional oscillation about the center-post axis which caused some defor-
mation of the wing tips. The oscillations were particularly noticeable when the model
was sideslipped at angles of attack above 400. This occurrence, however, does not indi-
cate that the wing would behave in this manner at angles of sideslip in free flight. The
oscillation was very likely associated with the restraint provided by the mounting system.

The lateral characteristics are presented in figure 8 as the variation of the static
lateral coefficients of the model with angle of sideslip for angles of attack from 22.5°
to 90°. As may be seen, the curves are relatively linear at the lower angles of attack
(a = 22.59 to 409) but show larger irregularities at the higher angles of attack. These
data are summarized in figure 9 in the form of the variation of the stability derivatives
Cy o C“B’ and C;, with angle of attack. The values of the stability derivatives were
obtained from the slopes of the curves through g = 0°. Because of the irregularities of
the data, especially at the higher angles of attack, the stability derivatives are only gen-
erally indicative of the characteristics of the model. As may be seen, the model had
positive values of directional stability <+Cn and positive effective dihedral (-C;,) at
angles of attack from the minimum angle of the tests to 300, where it also had longitudinal
stability and could be trimmed. At higher angles of attack, the lateral-directional stabil-
ity fluctuated considerably. It is interesting to note that in the angle-of-attack range
from 40° to 50°, the model was directionally unstable and had negative effective dihedral.
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These unstable characteristics are a result of the change in sign of the lateral derivative
Cy, since this parameter multiplied by its moment arm contributes significantly to
directional-stability and effective-dihedral characteristics with respect to the low center-
of-gravity position.

The effect of changes in length of the control lines for lateral control is presented
in figure 10. Since the neutral control setting was obtained with the control lines in the
fully extended position, lateral control was accomplished by shortening only one control
line. From the data of figure 10, it may be seen that although there were asymmetries
in the forces and moments resulting from right and left control-line changes, deflection
of either wing tip produced about the same trend. The average control effectiveness
obtained by taking the difference between the right and left control data of this figure and
dividing by 2 is presented in figure 11, These data indicate that at angles of attack up to
about 459, the deflected wing tip, acting as a drag device, produced yawing and rolling
moments which would tend to result in a coordinated turn in the direction of the lowered
tip. At the higher angles of attack, however, there was a change in the sign of the yawing
moment, and the lateral-control characteristics became unsatisfactory.

CONCLUSIONS

The results of the full-scale-tunnel investigation of the performance and static
stability and control characteristics of a multilobe gliding parachute may be summarized

as follows:

1. The model was longitudinally stable and could be trimmed at angles of attack
from about 22.50 to 30°. The minimum angle of attack reached during the investigation
was 22.50; below this angle, the wing would not remain inflated. Maximum lift occurred
at an angle of attack of 25°. In the angle-of-attack range from about 300 to 759, the
model had no stable trim conditions but was stable and could be trimmed at higher angles
of attack.

2. The trim angle-of-attack ranges gave values of lift-drag ratio of 2.2 to about 1.5
at the lower angles of attack and about 0 at angles near 900.

3. The model was directionally stable and had positive effective dihedral at the
lower angles of attack but was directionally unstable and had negative effective dihedral
over much of the angle-of-attack range above 30°.



4. The model had satisfactory static lateral-control characteristics at angles of
attack up to about 459 but, because of a reversal in the direction of the yawing moment
with control deflection, control characteristics at the higher angles of attack were
unsatisfactory.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., April 23, 1968,
124-07-03-06-23.
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Figure 2.- Drawing showing center-post force-test apparatus in the Langley full-scale tunnel.
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